Time-dependent anisotropic small-angle neutron scattering (SANS) patterns of rodlike micelles in a shear gradient F, suddenly changing its value from zero to a constant value, are presented. The time resolution of the experiment was 100 ms. By an analysis of the steady-state pattern a rotational diffusion coefficient D of ,~ 2 s-1 is deduced. Furthermore it is shown that in a well aligned sample the SANS pattern is sensitive to the rod length distribution in spite of correlation peaks which are caused by repulsive inter-micellar interaction.
Introduction
Many systems of rodlike particles have been studied with small-angle X-ray or neutron scattering methods (Kalus & Hoffmann, 1987; Cummins, Hayter, Penfold & Staples, 1987) . These experiments are sensitive to the shape of micelles, the interaction between micelles, the detailed shape of the orientational distribution functionfof the rods, and the time dependence off The time dependence off can be studied, provided that some driving force acting on the system is changing with time.
In the present experiment we studied the transient alignment of rodlike micelles with time origin at a sudden increase of the shear rate from 0 to a finite value, F = 10 s-1. This step-like change was achieved within a time of less than 100 ms using a shear apparatus which was described in detail by Herbst, Hoffmann, Kalus, Thurn & Ibel (1985) . The shape of the SANS pattern is determined by interaction between micelles, giving rise to the so-called correlation peaks, by distribution of the rod axis in space, described by the distribution function f(t) and by the structure factor of a single micelle. If one neglects for a moment any influence of the interaction and polydispersity, the measurement of the time evolution of a SANS pattern would give information about the time evolution off(t).
Any distribution function shows a maximum for F4:0. In a steady-state experiment (/'=constant) the position of this maximum gradually moves with increasing shear rate F towards the direction of v and the width of the distribution function decreases, eventually giving rise to a very sharp peak for very large F values, v is the velocity of the sheared solution.
For non-interacting particles Peterlin & Stuart (1943) (1) co(q~) = 0"25 sin 2 q~ sin 2 0, 0021-8898/88/060777-04503.00 © 1988 International Union of Crystallography and 0 is the angle between the rod axis and the z axis of an orthogonal x, y, z system. The velocity vector v is directed parallel to the x axis and has the value v = Fy. q~ is the angle between the x axis and the projection of the rod axis into the xy plane. This equation is governed by two parameters, F and D. D is a rotational diffusion coefficient. The aim of our first experiment was to see whether in a transient experiment the position of the maximum of the distribution function shows an overshoot compared with the steady-state value. Such an overshoot was observed in light-scattering experiments with dispersed non-spherical particles (Salem & Fuller, 1985) and had already been predicted (Zuzovsky, Priel & Mason, 1980) .
In a second experiment we looked for a new method to extract from the SANS pattern of well aligned micelles the length or a length distribution of the miceUes.
(a)
The first specimens were rodlike micelles formed by 20 mM cetylpyridinium salicylate [CPS, C16H33 -(NCsHs) +. (C6H4OHCO2)-]+20 mM NaC1 in heavy water. These micelles have a radius of 21.3 A and a length of about 500A or more (Kalus, Hoffmann, Reizlein, Ulbricht & Ibel, 1982) . The second specimens were rodlike micelles formed by 50 mM hexadecyloctyldimethylammonium bromide [HDBr, C16H33CsH17N(CH3)~-.Br -] in heavy water. These micelles have a radius of 19"6 A and a length of about ,-~ 220 A (Neubauer, Hoffmann, Kalus & Schwandner, 1986) . For the data evaluation it was assumed that both micelles are rigid and have a homogeneous scattering-length density. The SANS experiments were performed with the instrument D ll of the Institut Laue-Langevin, Grenoble, France.
For the first specimen we increased at time t = 0 the shear rate F from zero to 10 s -1. Subsequently we observed in intervals of multiples of 100 ms the changing anisotropic scattering pattern on the twodimensional multidetector. The scattering curves are isotropic for £ = 0 and show increasing anisotropic intensity distribution with time (see Fig. 1 ). At time 3800 ms F was decreased to zero and after a further period of 4000 ms the experiment was restarted. 500 such measurements were accumulated. For a quick analysis we plotted in Fig. 2 the anisotropy A, defined as A = a/b (for a and b see Fig. 1 ). The anisotropy shows no distinct overshoot. After approximately 2000 ms the equilibrium distribution was reached. It might be that a small indication of such an overshoot for times around 2 s is present. The smooth solid lines in Figs. l(a) and (c) are the results of fits for rods, taking into account the solution of (1). Only the rotational diffusion constant D Was the fit parameter for the sheared solution. The agreement between measured and calculated SANS patterns seems to be quite good. An evaluation of the calculated transient SANS pattern is also shown in Fig. 2 . Contrary to the steadystate situation the transient decrease of the anisotropy A is not described by the theory. At the moment we cannot give a reasonable explanation for this fact. The simplest is, of course, to assume that our equation of motion is oversimplified.
SANS experiments for the second specimen (see Fig. 3 ) were made for several F values up to 2000 s-1, using the high-gradient SANS shear apparatus of Lindner & Oberthfir (1984) . In this case the alignment of the rods is quite perfect, but one observes a very pronounced structure originating in nearestneighbour order of the micelles (correlation peaks). In fact two correlation peaks are clearly visible, and a third is visible as a weak shoulder. For reasons of comparison we show in Fig. 4 simulated SANS patterns for exactly aligned rods with a length of 150 ,~, (Fig. 4a) . In a second simulation, shown in Fig. 4(b) , we introduced a distribution of length according to Lin, Chen, Gabriel & Roberts (1987) . This length 
where 2R is the diameter of the rods (R = 19"6 A). 0~ is a parameter which can be related to the micellar I (a) 25000 25000 -.
(b) (c) Fig. 4 . Calculated SANS curves for (a) perfectly aligned rods of radius R = 19.6 .~ and length 150 ,~, (b) for a length distribution according to Lin, Chen, Gabriel & Roberts (1987) with ~ = 0"025, (c) with nearest-neighbour ordering of the micelles.
kinetics. These patterns show of course no correlation peaks but they do show how the length of the rods influence the SANS pattern. The steep decrease in intensity parallel to the flow directions is easily seen in Fig. 3 . We tried to reproduce the correlation peaks, using a model for structure-factor calculations introduced by Hayter & Penfold (1981) . This model was developed for charged spherical particles and is convenient because of its simple analytical expression. But in fact the position of the second peak cannot be reproduced by this model. The Q value (Q is the momentum transfer of the neutrons divided by h) for the second peak is ,-, 31/2 times the Q value of the first one. This probably indicates that a hexagonal structure of the rods is beginning to form in the well aligned sample. Therefore we extracted from the measured intensity profiles a phenomenological structure factor S(Q). The result of this simulation is shown in Fig. 4(c) and indicates an overall agreement with the measurement. However, we cannot rule out that the agreement may be fortuitous. More detailed discussions are presented in a forthcoming paper. We know, in the meantime, that at least two distinct kinds of micelles are present in a sheared solution, a longer one which is well aligned, and a shorter one with reduced alignment.
